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NOTICES 


[ 6560-01 ] 

ENVIRONMENTAL  PROTECTION 
AGENCY 

(FRL  807-6;  OPP-30000  20) 

PESTICIDE  PROGRAMS 

Rebuttable  Presumption  Against  Registra¬ 
tion  and  Continued  Registration  of 

Pesticide  Products  Containing  Cadmium 

The  Deputy  Assistant  Administrator, 
Office  of  Pesticide  Programs.  Environ¬ 
mental  Protection  Agency  (EPA) ,  has 
determined  that  a  rebuttable  presump¬ 
tion  exLsts  against  registration  and  con¬ 
tinued  registration  of  all  pesticide  prod¬ 
ucts  containing  cadmium.* 

I.  Regulatory  Provisions 

A.  General.  Title  40.  Part  162.11.  of  the 
Code  of  Federal  Regulations  for  the  Fed¬ 
eral  Insecticide,  Fungicide,  and  Rodenti- 
cide  Act  (FIFRA)  as  amended  (86  Stat. 
973,  89  Stat.  751,  7  U.S.C.  136  et  seq.). 
provides  that  a  rebuttable  presumption 
against  registration  shall  arise  if  the 
Agency  determines  that  a  pesticide 
meets  or  exceeds  any  of  the  risk  criteria 
relating  to  acute  and  chronic  toxic  effects 
set  forth  in  §  162.11(a)  (3) .  If  it  is  deter¬ 
mined  that  such  a  rebuttable  presump¬ 
tion  has  arisen,  the  regulations  require 
that  the  registrant  be  notified  by  certi¬ 
fied  mail  and  afforded  an  opportunity  to 
submit  evidence  in  rebuttal  of  the  pre¬ 
sumption.  In  addition,  the  Agency  has 
determined  that  the  public  should  also 
be  given  notice  of  the  bases  for  the  pre¬ 
sumption  to  provide  an  opportunity  for 
comment  and  to  solicit  additional  infor¬ 
mation  relevant  to  the  presumption. 

A  notice  of  rebuttable  presumption 
against  registration  is  issued  when  the 
evidence  related  to  risk  meets  the  cri¬ 
teria  set  forth  in  §  162.11(a)  (3).  It  is 
emphasized  that  a  notice  of  rebuttable 
presumption  against  registration  and 
continued  registration  of  a  pesticide  is 
not  a  notice  of  intent  to  cancel  the  reg¬ 
istration  of  a  pesticide,  and  may  or  may 
not  lead  to  cancellation.  The  notice  of 
intent  to  cancel  is  issued  only  if  it  is 
determined  that  the  pesticide  may  gen¬ 
erally  cause  unreasonable  adverse  effects 
to  the  environment  after  careful  consid¬ 
eration  of  both  the  risks  and  benefits. 

Accordingly,  all  registrants  and  appli¬ 
cants  for  registration  are  invited  pursu¬ 
ant  to  40  CFR  162.11(a)(4)  to  submit 
evidence  in  rebuttal  of  the  presumptions 
listed  in  Part  II  of  this  notice  and,  in 
the  case  of  oncogenicity,  to  submit  in¬ 
formation  which  relates  to  the  assess¬ 
ment  of  oncogenic  risks  as  set  forth  in 
the  Agency’s  Interim  Procedures  and 
Guidelines  for  Health  Risk  and  Eco¬ 
nomic  Impact  Assessment  of  Suspected 
Carcinogens  (May  25.  1976;  41  FR 

21402).  Registrants  and  other  interested 
parties  may  also  submit  for  consideration 
data  on  benefits  which  they  believe  would 


‘  A  position  document  containing  an 
appendix  of  references,  background  informa¬ 
tion,  and  other  material  pertinent  to  the 
Issuance  of  this  notice,  has  been  prepared  by 
the  Agency  Working  Group  on  cadmium  and 
is  also  published  with  this  notice. 


justify  registration  or  continued  regis¬ 
tration.  In  addition,  any  registrant  may 
petition  the  Agency  to  voluntarily  cancel 
a  current  registration  pursuant  to  Sec¬ 
tion  6(a)(1)  of  FIFRA. 

B.  Rebuttal  .Criteria.  Section  162.11 
(a)(4)  provides  that  a  registrant  may 
rebut  the  presumption  by  sustaining  the 
burden  of  proving; 

( 1 )  In  the  case  of  a  pesticide  presumed 
against  pursuant  to  the  chronic  toxicity 
criteria,  “that  when  considered  with  pro¬ 
posed  restrictions  on  use  and  widespread 
and  commonly  recognized  practices  of 
use.  the  pesticide  will  not  concentrate, 
persist  or  accrue  to  levels  in  man  or  the 
environment  likely  to  result  in  any  sig¬ 
nificant  chronic  adverse  effects’’  (40  CFR 
162.11(a)  (4)  (ii) ) ;  or 

(2)  That  “the  determination  by  the 
Agency  that  the  pesticide  meets  or  ex¬ 
ceeds  any  of  the  criteria  for  risk  was  in 
error’’  (40  CFR  162.11(a)  (4)  (iii) ). 

C.  Benefits  Information.  In  addition 
to  submitting  evidence  to  rebut  the  pre¬ 
sumption  of  risk,  §  162.11(a)  (5)  (iii) 
provides  that  a  registrant  “may  submit 
evidence  as  to  whether  the  economic, 
social  and  environmental  benefits  of  the 
use  of  the  pesticide  subject  to  the  pre¬ 
sumption  outweigh  the  risk  of  use."  If 
the  risk  presumptions  are  not  rebutted, 
the  benefit  evidence  submitted  by  the 
registrant,"  applicants,  and  other  inter¬ 
ested  persons  will  be  considered  by  the 
Administrator  in  determining  the  appro¬ 
priate  regulatory  action.  Specifically, 
§  162  11(a)  (5)  (iii)  provides  that  if  the 
“benefits  appear  to  outweigh  (the) 
risks,”  the  Administrator  may  issue  a 
notice  of  intent  to  hold  a  hearing  pur¬ 
suant  to  Section  6(b)  (2)  of  FIFRA 
rather  than  a  notice  of  intent  to  cancel 
or  deny  registration  pursuant  to  Section 
3(c)(6)  of  FIFRA.  Alternatively,  if  the 
“benefits  do  not  appear  to  outweigh  the 
risks,  the  Administrator  shall  issue  a 
notice  pursuant  to  Section  3(c)  (6)  or 
Section  6(b)(1)  of  the  Act.  as  appropri¬ 
ate.”  Moreover,  if  at  any  time  the  Ad¬ 
ministrator  determines  that  a  pesticide 
poses  an  “imminent  hazard”  to  humans 
or  the  environment,  a  notice  of  suspen¬ 
sion  may  be  issued  pursuant  to  Section 
6(c)  of  the  Act. 

Stated  below  are  the  §  162.11(a)  (3) 
risk  criteria  which  the  Agency  has  found 
to  have  been  met  or  exceeded  by  reg¬ 
istrations  and  applications  for  registra¬ 
tion  of  pestici(ie  products  containing 


♦  -  Registrant!  or  other  interested  persons 
who  desire  to  submit  benefit  Information 
should  consider  submitting  information  on 
the  following  subjects,  along  with  any  other 
relevant  information  they  desire  to  submit: 

1.  Identification  of  the  uses  of  the  pesti¬ 
cide.  including  estimated  quantities  used  by 
application. 

2.  Identification  of  registered  alternative 
products  for  the  uses  set  forth  in  ( 1 )  above, 
including  an  estimate  of  their  availability. 

3.  Determination  of  the  change  in  costs 
to  the  user  of  providing  equivalent  pesticide 
treatment  with  any  available  substitute 
products. 

4.  Assessment  of  regulation  impact  upon 
user  productivity  from  using  available  sub¬ 
stitute  pesticides  or  from  using  no  other 
pesticides. 


cadmium.  The  Agency’s  basis  for  con¬ 
cluding  that  these  risk  criteria  have  been 
met  or  exceeded  is  set  out  in  “Cadmium ; 
Position  Document  1,”  which  follows. 
Copies  of  attachments  to  the  Position 
Document  which  are  not  published  with 
this  notice  are  available  for  public  in¬ 
spection  in  the  Office  of  Special  Pesticide 
Reviews.  Information  protected  from  dis¬ 
closure  pursuant  to  Section  10  of  FIFRA 
cannot  be  provided.  Specific  inquiries 
concerning  the  Position  Document,  as 
well  as  requests  for  access  to  these  files, 
should  be  directed  to  the  Project  Mana¬ 
ger,  Mr.  Richard  Troast.  Office  of  Spe¬ 
cial  Pesticide  Reviews  (WH-566),  EPA. 
Room  447,  East  Tower,  401  M  Street  SW.. 
Washington.  D.C.  20460.  202-755-8050. 

II.  Presumptions 

A.  Oncogenicity.  40  CFR  162.11(a)(3) 
(ii)(A)  provides  that  a  rebuttable  pre¬ 
sumption  shall  arise  if  a  pesticide  [iln- 
duces  oncogenic  effects  in  experimental 
mammalian  species  or  in  man  as  a  re¬ 
sult  of  oral,  inhalation,  or  dermal 
exposure.  *  *  * 

On  the  basis  of  scientific  studies  sum¬ 
marized  in  the  Position  Document,  the 
Agency  has  concluded  that  this  risk 
index  has  been  exceeded  by  all  registra¬ 
tions  and  applications  for  registration 
of  pesticide  products  containing  cad¬ 
mium,  and  that  a  rebuttable  presump¬ 
tion  against  new  or  continued  registra¬ 
tion  of  such  products  has  therefore 
arisen. 

B.  Mutagenicity.  40  CFR  162.11(a)(3) 
(ii)  (A)  provides  that  a  rebuttable  pre¬ 
sumption  shall  arise  if  a  pesticide  “in¬ 
duces  mutagenic  effects,  as  determined 
by  multitest  evidence.” 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  this  risk  index  has  been  exceeded 
by  all  registrations  and  applications  for 
registration  of  pesticide  products  con¬ 
taining  cadmium,  and  that  a  rebut¬ 
table  presumption  against  new  or  con¬ 
tinued  registration  of  such  products  has 
therefore  arisen. 

C.  Other  Chronic  or  Delayed  Toxic 
Effects.  40  CFR  162.11(a)  (3)  (ii»  (B)  pro¬ 
vides  that  a  rebuttable  presumption  shall 
arise  if  a  pesticide  “fplroduces  any 
other  chronic  or  delayed  toxic  effect  in 
test  animals  at  any  dosage  up  to  a  level, 
as  determined  by  the  Administrator, 
which  is  substantially  higher  than  that 
to  w’hich  humans  can  reasonably  be 
anticipated  to  be  exposed,  taking  into 
account  ample  margins  of  safety  *  * 

On  the  basis  of  scientific  studies  and 
information  summarized  in  the  Position 
Document,  the  Agency  has  concluded 
that  the  risk  index  for  teratogenicity  and 
fetotoxicity  has  been  exceeded  by  add 
registrations  and  applications  for  reg¬ 
istration  of  pesticide  products  contain¬ 
ing  cadmium  which  are  for  home  use. 
and  that  a  rebuttable  presumption 
against  new  or  continued  registration 
of  such  products  has  therefore  arisen. 

III.  Additional  Grounds  for  Review 

As  discussed  in  more  detail  in  the  at¬ 
tached  Position  Document,  cadmium  has 
been  implicated  as  affecting  a  number  of 
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body  systems,  including  lungs,  kidneys, 
liver,  cardiovascular,  gonads,  skeleton, 
hematopoietic,  and  central  nervous  sys¬ 
tems.  The  data  and  analyses  available 
at  this  time  with  respect  to  these  ef¬ 
fects  are  not  sufficient  to  warrant  the 
issuance  of  Rebuttable  Presumption. 
The  Agency  specifically  solicits  further 
evidence  bearing  on  these  possible  ad¬ 
verse  effects.  All  comments  and  infor¬ 
mation  received  with  respect  to  these 
potential  adverse  effects,  including  anal¬ 
ysis  thereof,  may  serve  as  a  basis  for  a 
final  decision  as  to  the  registerability  of 
cadmium  pesticides  (40  CFR  162.11(a) 
(6)). 

rv.  Registration  and  Products 
Subject  to  the  Notice 

All  registrants  and  applicants  for  reg¬ 
istration  listed  below  are  being  notified 
by  certified  mail  of  the  rebuttable  pre¬ 
sumption  existing  against  registration 
and  continued  registration  of  their 
products. 

The  registrants  and  applicants  for 
registration  shall  have  45  days  from  the 
date  this  notice  is  sent  or  until  Decem¬ 
ber  12,  1977,  to  submit  evidence  in  re¬ 
buttal  of  the  presumption.  However,  the 
Administrator  may,  for  good  cause 
shown,  grant  an  additional  60  days  dur¬ 
ing  which  such  evidence  may  be  sub¬ 
mitted.  Notice  of  such  an  extension,  if 
granted,  will  appear  in  the  Federal 
Register. 

A  registrant  or  applicant  for  registra¬ 
tion  may,  if  it  desires,  assert  a  business 
confidentiality  claim  covering  part  or 
all  of  the  information  submitted  in  re¬ 
buttal.  The  registrant  or  applicant  may 
assert  the  claim  by  placing  on  or  attach¬ 
ing  to  the  information  a  cover  sheet, 
stamped  or  typed  legend,  or  other  suit¬ 
able  -form  of  notice  employing  language 
such  as  “trade  secret,”  "proprietary,”  or 
“company  confidential.”  Allegedly  con¬ 
fidential  portions  of  otherwise  noncon- 
fidential  documents  should  be  clearly 
marked. 

If  a  confidentiality  claim  is  asserted, 
the  information  covered  by  the  claim  will 
be  disclosed  by  EPA  only  to  the  extent 
and  by  means  of  the  procedures  set  forth 
in  40  CFR  Part  2,  Subpart  B  (41  PR 
36906,  September  1,  1976) ,  If  no  confi¬ 
dentiality  claim  accompanies  the  infor¬ 
mation  at  the  time  it  is  received  by  EPA, 
EPA  will  place  the  information  in  the 
public  comment  file  where  it  will  be 
available  for  public  inspection. 

If  a  registrant  or  applicant  does  assert 
a  confidentiality  claim  for  some,  but  not 
all,  of  the  information  submitted  to  EPA 
in  rebuttal,  the  registrant  or  applicant 
should  furnish  two  copies  of  the  infor¬ 
mation  to  EPA.  The  first  copy  should 
contain  all  of  the  information  submitted 
in  rebuttal  with  information  claimed  as 
confidential  clearly  identified.  The  sec¬ 
ond  copy  should  be  identical  to  the  first 
except  that  all  information  claimed  as 
confidential  should  be  deleted.  The  sec¬ 
ond  copy  will  be  placed  in  the  public 
comment  file.  The  first  copy  will  be 
treated  in  accordance  with  the  pro¬ 
cedures  set  out  above. 


V.  Duty  to  Submit  Information  on  Ad¬ 
verse  Effects 

Registrants  are  required  by  law  to  sub¬ 
mit  to  EPA  any  additional  information 
regarding  any  adverse  effects  on  man  or 
the  environment  which  comes  to  a  regis¬ 
trant’s  attention  at  any  time,  pursuant 
to  Section  6(a)  (2)  of  PTFRA  and  40  CFR 
162.8(d).  If  any  registrant  of  cadmium 
products  has  any  published  or  unpub¬ 
lished  information,  studies,  reports, 
analyses,  or  reanalyses  regarding  any  ad¬ 
verse  effects  in  animal  species  or  humans, 
residues,  and  claimed  or  verified  acci¬ 
dents  to  hiunans,  domestic  animals,  or 
wildlife,  which  have  not  been  previously 
submitted  to  EPA.  the  material  must  be 
submitted  immediately.  When  respond¬ 
ing  to  this  notice,  each  registrant  shall 
submit  a  written  certification  to  the 
Agency  that  all  information  regarding 
any  adverse  effects  known  to  the  regis¬ 
trant  has  been  submitted.  In  addition, 
the  registrants  should  notify  EPA  of  any 
studies  currently  in  progress,  including 
the  purpose  of  the  study,  the  protocol, 
the  approximate  completion  date,  and  a 
summary  of  all  results  observed  to  date. 

VI.  Public  Comments 

During  the  time  allowed  for  submis¬ 
sion  of  rebuttal  evidence,  specific  com¬ 
ments  on  the  presumptions  set  forth  in 
this  notice  and  on  the  material  contained 
in  the  Position  Document  are  solicited 
from  the  public.  In  particular,  any  docu¬ 
mented  episodes  of  adverse  effects  to 
humans,  domestic  animals,  or  wildlife, 
and  information  as  to  any  laboratory 
studies  in  progress  or  completed,  are  re¬ 
quested  to  be  submitted  to  EPA  as  soon 
as  possible.  Specifically  information  on 
the  degree  of  human  exposure  to 
cadmium  and  the  possible  effects  thereof 
is  solicited. 

Similarly,  any  studies  or  comments  on 
the  benefits  from  the  use  of  cadmium 
are  requested  to  be  submitted.  All  com¬ 
ments  and  information  received,  as  well 
as  any  other  relevant  information  and 
analysis  thereof,  which  come  to  the  at¬ 
tention  of  the  Agency  may  serve  as  a 
basis  for  final  determination  pursuant  to 
§  162.11(a)  (5). 

All  comments  and  information  should 
be  sent  to; 

Federal  Register  Section,  Technical  Services 

Division  (WH-569),  Room  401,  East  Tower, 

401  M  Street  SW.,  Washington,  D.C.  20460. 

Three  copies  of  the  comments  or  in¬ 
formation  should  be  submitted  to  facili¬ 
tate  the  work  of  the  Agency  and  others 
Interested  in  inspecting  them.  The  com¬ 
ments  and  information  should  bear  the 
identifying  notation  “OPP-30000/20.” 
Comments  and  information  received 
within  the  specified  time  limit  shall  be 
considered  before  it  is  determined 
whether  a  notice  shall  be  issued  in  ac¬ 
cordance  with  40  CFR  162.11(a)  (5)  (ii). 

Comments  received  after  the  specified 
time  period  will  be  considered  only  to  the 
extent  feasible,  consistent  with  the  time 
limits  imposed  by  40  CFR  162.11(a)(5) 
(ii) .  All  written  comments  and  informa¬ 
tion  filed  pursuant  to  this  notice  will  be 


available  for  public  inspection  in  the 
oflSce  of  the  Federal  Roister  Section 
from  8:30  a.m.  to  4  p.m.  during  normal 
working  days. 

Interested  persons  are  encouraged  to 
take  advantage  of  the  opportunity  to  in¬ 
spect  Agency  files  during  normal  work¬ 
ing  hours  since  (1)  all  of  the  information 
received  may  serve  as  a  basis  for  final 
determination  pursuant  to  S  162.11(a) 
(5) ,  and  (2)  the  Agency  will  not  general¬ 
ly  publish  a  summary  of  information  re¬ 
ceived  in  the  Federal  Register  at  the 
close  of  the  rebuttal  period. 

Your  cooperation  is  solicited  in  identi¬ 
fying  any  errors  or  omissions  which  may 
have  been  made  in  the  following  compu¬ 
ter  listings.  Corrections  to  the  listings 
may  not  necessarily  be  published  in  the 
Federal  Register,  but  rather  handled  by 
mail  with  affected  parties.  Omissions 
will  be  corrected  by  notice  in  the  Fed¬ 
eral  Register. 

Dated:  October  18,  1977. 

Edwin  L.  Johnson. 

Deputy  Assistant  Administrator 

for  Pesticide  Programs. 

Cadmium:  Position  Document  1 

CADMIUM  WORKING  GROUP,  RICHARD  TROAST, 
PROJECT  MANAGER,  OFFICE  OF  SPECIAL 
PESTICIDE  REVIEWS,  U.S.  ENVIRONMENTAL 
PROTECTION  AGENCY 

I.  Background 

A.  General  Chemistry.  Cadmium  oc¬ 
curs  naturally,  belongs  to  Group  IIB  in 
the  periodic  table  of  elements  and  has  a 
molecular  weight  of  112.4.  It  constitutes 
0.0001  percent  of  the  earth’s  crust  and  is 
found  primarily  as  the  Mineral  Green- 
ockite  (cadmium  sulfide),  which  is  not 
mined  commercially  but  is  extracted 
during  zinc  and  lead  mining  operations. 
Electrolysis  of  smelted  ore  yields  99.9 
percent  pure  metallic  cadmium.  The 
melting  point  and  boiling  point  of  ele¬ 
mental  cadmium  at  321*’  and  765'’C,  re¬ 
spectively:  its  density  is  8.642  g/ml  (1). 

B.  Production.  About  12,000  pounds  of 
pesticidal  cadmium  were  produced  in 
1975.  The  production  for  1976  is  reported 
to  have  exceeded  20,000  pounds;  that  for 
1977  is  estimated  to  be  as  high  as  40,000 
pounds. 

Section  7(c)  of  the  Federal  Insecticide, 
Fhngicide,  and  Rodenticide  Act  (FIFRA) 
requ.res  manufacturers  and  formulators 
to  submit  information  on  production, 
distribution,  and  sales  of  pesticidal  cad¬ 
mium  compounds.  Under  Section  7(d) 
and  10  of  FIFRA  this  information  is  con¬ 
sidered  confidential  and  may  not  be 
made  available  to  the  public. 

The  information  is  available  to  the 
Administrator  in  a  confidential  appendix 
to  this  report. 

World-Wide  production  of  cadmium 
was  reported  as  17  million  kilograms  for 
1975.  To  supplement  domestic  cadmium 
production,  the  United  States  imported 
2.5  million  kilograms  in  1975  to  meet  an 
industrial  demand  of  5.6  million  kilo¬ 
grams.  Manufacture  of  cadmium  pesti¬ 
cides  accounted  for  less  than  0.1  percent 
of  the  total  amount  of  carmium  used  in 
the  United  States  (2) . 
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C.  Registered  Uses.  Pesticidal  cadmiiun 
compoiinds  are  registered  as  fungicides 
in  sprays,  dusts,  and  granular  powders 
for  application  on  ornamental  turf,  pro¬ 
fessional  turf,  and  home  lawns  at  a  rate 
of  0.2  to  1.0  ounce  of  actual  cadmium 
per  1000  square  feet.  Application  rates 
vary  depending  on  whether  cadmium  is 
applied  alone  or  in  combination  with 
other  fungicides. 

There  are  35  Federally  registered  cad¬ 
mium  products  and  one  State  registra¬ 
tion  for  which  Federal  registration  is 
pending  (Table  1). 

Table  1. — Federal  registrations  and  regis¬ 
trants  of  pesticidal  eadmium  compounds 


Compound 

Registrations 

(number) 

Registrants 

(number) 

Cttdmium  chloride . . . . 

•25 

22 

Cadmium  carbonate... 

4 

2 

Cadmium  sebecate.... 

2 

2 

Cadmium  succinate. . . 
Anilocadmium 

S 

3 

diiactate . 

1 

1 

*Tbere  is  1  pending  Fedeial  legistiation. 

D.  Alternative  Pesticides.  Alternative 
pesticides  registered  for  use  as  fungi¬ 
cides  on  turf  include  dyrene,  folpet,  thi- 
ram,  the  ethylenebisdithiocarbamates, 
parachlorwiitrobenzene,  captan,  and 
benomyl.  Of  these,  benomyl,  the  ethyl¬ 
enebisdithiocarbamates,  and  parachloro- 
nitrobenzene  are  themselves  under  re¬ 
view  by  the  Office  of  Special  Pesticide  Re¬ 
views. 

E.  Environmental  Occurrence. 

1.  Soil.  Cadmium  occurs  in  soil  as  a 
natural  component,  as  a  residue  of  fungi¬ 
cides  applied  directly  to  turf,  and  as  a 
pollutant  from  industrial  operations. 

In  soil  samples  taken  from  golf  courses 
treated  with  cadmium  fungicides,  res¬ 
idues  ranged  from  none  detectable  to  62.5 
ppm.  with  a  mean  of  8.4  ppm.  The  great¬ 
est  amounts  were  found  in  the  top  4 
inches  of  the  soil,  a  fact  that  indiactes 
that  cadmium  does  not  migrate  down¬ 
ward.  (Cadmium’s  translocation  laterally 
through  the  soil  is  evidenced  by  its  pres¬ 
ence  in  the  sediment  of  streams  and 
ponds  on  the  golf  courses  which  have 
used  cadmium  pesticides.  Half  of  the 
samples  of  sediment  contained  cadmium 
in  amounts  up  to  94.4  ppm,  with  a  mean 
of  1.5  ppm  (3) . 

Industrial  pollution  from  several 
sources  deposits  cadmium  in  the  soil  Cad¬ 
mium  particulates  in  the  air  settle  to  the 
ground  and  add  measurably  to  the 
amount  of  cadmium  in  soils.  The  use  of 
landfills  for  repositories  of  sludge  cre¬ 
ates  areas  of  abnormally  high  concen¬ 
trations  of  cadmium.  The  efiBuent  from 
sewage  treatment  facilities  contains  22 
to  57  metric  tons  of  cadmium  per  year 
(4).  The  concentration  of  cadmium  av¬ 
eraged  3  ppm  in  the  liquid  efiBuent  and 
12  ppm  in  the  sludge  (5) . 

The  amount  of  cadmium  in  soils  is  rel¬ 
atively  low  in  nonindustrialized  areas. 
Des  Moines,  Iowa,  had  means  of  0.89  and 
0.28  ppm  in  the  urban  and  suburban 
areas,  respectively,  in  contrast  to  Pitts¬ 
burgh,  Pa.,  an  industrial  center,  which 
had  a  mean  of  1.21  ppm  for  urban  and 
0.90  ppm  for  suburban  areas  (6). 


2.  Air.  The  amoimt  of  cadmiiun  in  the 
air  depends  on  the  degree  of  industrial¬ 
ization  in  a  particular  area.  In  1969 
survey,  the  concentration  of  cadmium 
in  air  ranged  from  0.006  mg/m’  in  San 
Francisco,  Calif.,  to  0.036  mg/m*  in  St. 
Louis,  Mo.  The  highest  concentration 
recorded  in  the  United  States,  0.12  mg/ 
m’,  was  measured  in  1964  in  El  Paso,  Tex. 
(7) .  A  1970  survey,  although  limited,  con¬ 
firmed  the  1969  study  (7).  lARC  re¬ 
ported  that  contrations  of  cadmium 
worldwide  average  less  than  0.003  mg/m’ 
in  rural  areas  but  as  much  as  0.050  mg/ 
m’  in  industrialized  cities.  In  the  vicinity 
of  cadmium-emitting  industries  concen¬ 
trations  as  great  as  0.5  mg/m*  were  re¬ 
corded  (2). 

3.  Water.  Once  deposited  in  water,  cad¬ 
mium  is  freely  mobile  (7) .  In  rural  areas, 
most  cadmium  comes  from  naturally  oc¬ 
curring  sources.  In  urban  areas,  natu¬ 
rally  occurring  cadmium  is  augmented 
by  cadmium  from  industrial  and  com¬ 
mercial  sources.  Data  from  the  Office  of 
Water  Supply  in  EPA  indicate  that  cad¬ 
mium  is  present  in  drinking  water  in 
amounts  ranging  from  0.01  ppm,  the  limit 
of  detection,  to  0.7  ppm. 

4.  Food.  Cadmium  (0.01  to  0.2  ppm) 
has  been  detected  in  foods  of  all  cate¬ 
gories  monitored  by  FDA  in  its  Market 
Basket  Survey.  The  highest  amounts 
were  generally  foimd  in  leafy  vegetables 
and  canned  foods  (8).  The  cadmium 
found  in  leafy  vegetables  probably  does 
not  result  from  application  of  cadmium 
pesticides  because  such  pesticides  are  not 
registered  for  use  on  food  crops. 

The  high  concentrations  found  in 
green  plants  probably  result  from  trans¬ 
location  of  cadmium  from  soil,  which  is 
fortified  by  small  amounts  of  cadmium 
impurities  contained  in  phosphate  fer¬ 
tilizers  (9)  and  by  unabsorbed  cadmium 
Ingested  by  animals  and  eliminated  and 
redeposited  in  the  soil  or  landfill  (7). 

5.  Other.  Humans  are  also  exposed  to 
cadmium  in  cigarette  smoke.  The  lARC 
reports  that  each  cigarette  contains  1.7 
fig  of  cadmium,  up  to  10  percent  of  which 
can  be  absorbed  through  the  lungs  into 
the  circulatory  system.  In  one  year,  a 
moderate  smoker  (one  pack  per  day) 
may  increase  his  total  body  burden  of 
cadmium  by  0.5  mg  (2). 

6.  Body  Burden.  The  total  body  burden 
varies  with  coxmtry  and  occupation.  To 
arrive  at  a  general  mean,  lARC  (2)  dis- 
coimted  occupational  exposures  and  cal¬ 
culated  the  dally  intake  of  cadmium 
from  all  other  sources  (table  2). 

Table  2. — Daily  Cadmium  Intake 

Cadmium 


Country  tfj^/day) 

Czechoslovakia  _  60 

Japan _ 47-69 

United  States _  4-92 


Cadmium  accumulates  in  sensitive  tar¬ 
get  organs  in  which  calcium  has  an  im¬ 
portant  metabolic  function.  In  the 
United  States  the  average  concentration 
of  cadmium  in  the  adult  kidney  was  re¬ 
ported  as  40  fig  per  gram  wet  weight,  a 
value  approximately  one-half  that  for 
Japan  (7). 

Cadmium  deposits  in  the  body  reach 
a  maximum  at  about  age  50  and  there¬ 


after  decline  logarithmically.  The  total 
body  burden  estimated  at  age  50  is  40  mg, 
the  urinary  excretion  rate  being  less  than 
12  fig  per  liter  of  urine  (10) . 

Once  absorbed,  cadmium  is  bound  by 
metallothionein,  a  low  molecular  weight 
protein  found  in  all  organs  associated 
with  high  concentrations  of  cadmium. 
Although  metallothionein  is  thought  to 
fimction  in  detoxifying  or  storing  poten¬ 
tially  toxic  heavy  metals,  the  amoimt  of 
protection  afforded  is  not  known  (7). 

F.  TOXICOLOGY 

Cadmium  has  been  the  subject  of  a 
number  of  studies  designed  to  identify 
and  evaluate  potential  toxicological  ef¬ 
fects.  These  studies  have  used  a  variety 
of  common  cadmium  compounds,  some 
of  which  are  not  registered  as  pesticides. 
An  EPA  scientist  at  Research  Triangle 
Park  Laboratory  advised  the  Cadmium 
Working  Group  that  regardless  of  the 
cadmium  salt  used,  the  results  observed 
can  be  attributed  to  the  cadmium  ion 
(11).  Thus,  the  Cadmium  Working 
Group  has  considered  some  studies  which 
used  cadmium  compounds  not  registered 
as  pesticides. 

1.  Human.  Cadmium  has  been  reported 
to  affect  many  organ  systems  (7).  A 
more  detailed  analysis  of  these  effects 
in  relation  to  exposure  and  dosage  is 
addressed  in  Sections  HI  and  IV. 

2.  Wildlife.  Data  on  the  effects  of  cad¬ 
mium  to  wildlife  have  not  been  reported 
in  as  much  detail  as  the  effects  of  cad¬ 
mium  on  humans.  A  summary  of  some 
of  the  available  data  is  presented  below. 

The  LCso  for  bluegills  has  been  meas¬ 
ured  as  80Mg/liter  in  water  hardness  of 
200  mg/llter.  Higher  concentrations  of 
cadmium  did  not  inhibit  spawning  of 
surviving  fish,  but  newly  hatched 
progeny  were  deformed  (12) , 

A  study  of  the  toxicity  of  cadmium  to 
brook  trout  reported  an  LCioo  of  6.4  fig 
of  cadmium  per  liter  in  water  hardness 
of  44  mg/liter.  A  concentration  of  3.2 
Mg/liter  killed  the  males  either  before  or 
just  after  mating.  The  number  of  sur¬ 
viving  embroys  was  smaller  at  this  dos¬ 
age.  At  a  concentration  of  1.7  fig/Uter 
cadmium  had  no  apparent  effect  on  the 
reproductive  capacity  of  the  males  or 
females  (13). 

The  96  hour  LCm  of  cadmium  for  fiag- 
fish  was  reported  as  2500  /ig/liter  in 
water  hardness  of  4  mg/liter.  The  mor¬ 
tality  of  fish  exposed  to  lower  amounts 
of  cadmium  (31  Mg/liter  and  16  yg/Uter) 
for  up  to  60  days  was  greater  than  that 
of  controls.  Growth  of  the  fish  exposed 
to  cadmium  in  these  concentrations  was 
also  reduced  (14) . 

In  3-week-old  chicks  cadmium  (9.5 
mg/kg)  interfered  with  the  normal  in¬ 
testinal  absorption  of  iron,  causing  an 
anemic  condition  typical  of  that  found  in 
mammals  chronically  exposed  to  low 
amounts  of  cadmium  (15). 

Japanese  quail  fed  cadmium  (75  mg/ 
kg/day)  for  6  weeks  after  hatching  ex¬ 
perienced  various  adverse  effects  when 
other  minerals  were  deficient  in  their 
diet.  Birds  fed  a  diet  deficient  in  zinc 
developed  testicular  hypoplasia,  and 
their  growth  was  retarded.  Diets  deficient 
in  iron  produced  anemia  and  bone  mar- 
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row  hyperplasia.  In  both  cases  the  heart 
was  hypertrophied  within  2  weeks  after 
the  experiment  began  (16) . 

The  LCw,  for  quail  fed  formulated  cad¬ 
mium  succinate  was  reported  as  1700 
mg/kg;  that  for  mallard  ducks  was  5000 
mg/kg  (17). 

Since  cadmium  pesticides  are  not  ap¬ 
plied  directly  to  water,  the  hazard  to 
aquatic  species  from  normal  application 
of  cadmium  pesticides  seems  minimal. 
The  limited  use  of  cadmium  on  home 
lawns  and  golf  turf  suggests  that  hazard 
to  avian  or  mammalian  species  from  cad¬ 
mium  pesticides  would  be  similarly  un¬ 
likely.  Therefore,  the  Working  Group 
has  concluded  that  none  of  the  data  con¬ 
cerning  toxicity  to  wildlife  are  sufficient 
to  meet  the  criteria  of  40  CFR  162.11(a) 
(3)  (i)  (B)  and  162.11(a)  (3)  (ii)  (c) . 

II.  Regulatory  History 

Until  1968  cadmium  compounds  were 
registered  both  for  use  on  turf  and  for 
limited  use  on  food  crops.  Tolerances 
were  established  for  these  uses  under  the 
“no  residue/zero  tolerance”  provisions 
of  the  regulations  then  in  effect.  After 
the  U.S.  Department  of  Agriculture  dis¬ 
continued  the  application  of  the  “zero 
tolerance /no  residue”  principle,  all  regis¬ 
trations  for  the  use  of  cadmium  on  food 
crops  were  cancelled  by  PR  Notice  68-6, 
dated  February  1,  1968,  since  data  sup¬ 
porting  finite  tolerances  were  not  sub¬ 
mitted.  The  turf  uses  of  cadmium  were 
not  affected  by  this  notice. 

The  Administrator  of  EPA  has  placed 
a  high  priority  on  collection  and  review 
of  data  on  cadmium  (18).  Many  nonpes- 
ticidal  uses  of  cadmium  are  subject  to 
regulation  under  the  Toxic  Substances 
Control  Act  (TSCA)  and  regulatory  ac¬ 
tion  has  been  initiated  under  the  Safe 
Drinking  Water  Act  of  1974,  which  re¬ 
quires  standards  of  purity  in  the  Nation’s 
drinking  water  supply.  In  its  report  to 
EPA  the  National  Academy  of  Sciences 
recommended  that  the  amount  of  cad¬ 
mium  in  drinking  water  be  limited  to  10 
fig/l  (69).  This  standard  was  incorpor¬ 
ated  into  the  National  Interim  Primary 
Drinking  Water  Regulations  which  be¬ 
came  effective  on  June  24,  1977  (70). 

The  National  Cancer  Institute  is 
evaluating  the  oncogenicity  of  cadmium 
compounds  injected  into  rodents. 

The  National  Institute  for  Occupa¬ 
tional  Safety  and  Health  (NIOSH)  has 
recommended  that  occupational  expo¬ 
sure  not  exceed  40  /xg/m’  per  10  hour  day. 
NIOSH  has  also  recommended  that  sys¬ 
tems  of  medical  examination,  keeping 
medical  records,  sampling  and  analysis, 
area  labeling,  providing  of  protective 
clothing,  training  employees,  and  improv¬ 
ing  general  work  practices  be  used  by 
industry  (1). 

III.  Summary  of  Scientific  Evidence 

to  Support  Rebuttable  Presumption: 

Chronic  Toxicity 

40  CFR  162.11(a)(3)  provides  that  a 
rebuttable  presumption  shall  arise  if  a 
pesticide’s  ingredients,  metabolites,  or  de¬ 
gradation  products  meet  or  exceed  (i) 
acute  toxicity  risk  criteria  relating  to 
hazards  to  humans,  domestic  animals,  or 


wildlife,  or  (ii)  chronic  toxicity  risk 
criteria  relating  to  oncogenic,  mutagenic, 
and  delayed  toxic  effects  in  man  or  test 
animals,  or  relating  to  population  reduc¬ 
tions  in  nontarget  organisms  or  fatalities 
to  members  of  endangered  species. 

The  Cadmium  Working  Group  has 
concluded  that  pesticide  products  con¬ 
taining  cadmium  meet  or  exceed  the 
chronic  risk  criteria  relating  to  onco¬ 
genesis  and  mutagenesis.  Certain  uses  of 
cadmium  pesticides  also  meet  or  exceed 
the  criteria  relating  to  teratogenicity  and 
fetotoxicity.  ’Therefore,  a  presumption 
has  arisen  against  all  pesticides  contain¬ 
ing  cadmium. 

A.  Oncogenic  Effects.  'The  Carcinogen 
Assessment  Group  (CAG)  of  EPA  has  re¬ 
viewed  laboratory  studies  on  the  onco¬ 
genic  properties  of  cadmium  adminis¬ 
tered  orally  and  parenterally  to  animals 
and  epidemiologic  studies  of  human  ex¬ 
posed  to  cadmium  by  inhalation  or  der¬ 
mal  contact.  The  CAG  concluded  that  (i) 
the  number  of  tumors  at  sites  removed 
from  the  site  of  injection  increased  sig¬ 
nificantly  in  animals  injected  with 
cadmium;  (ii)  significant  increases  in 
prostate  cancer  were  found  in  persons  oc¬ 
cupationally  exposed  to  cadmium;  and 
(iii)  chronic  oral  studies,  although  re¬ 
ported  as  negative  by  their  authors,  must 
be  considered  inconclusive  because  of 
protocol  deficiencies.  The  CAG  also  noted 
that  some  mutagenic  actions  of  cadmium, 
including  mammalian  cellular  trans¬ 
formations,  have  a  high  correlation  with 
oncogenicity  (19). 

The  CAG  has  considered  all  data 
bearing  on  the  potential  oncogenicity  of 
cadmium  regardless  of  the  route  of  ex¬ 
posure.  However,  a  rebuttable  presump¬ 
tion  on  the  basis  of  oncogenic  effects 
arises  only  if  such  effects  are  observed  in 
man  or  animals  following  oral,  dermal, 
or  inhalation  exposure.  The  Working 
Group  has  concluded  that  the  epidemio¬ 
logical  data  alone  indicate  that  cadmium 
pesticides  pose  an  oncogenic  risk  and  are 
sufficient  evidence  to  warrant  a  rebut¬ 
table  presumption.  The  epidemiological 
studies  are  directly  applicable  to  cad¬ 
mium  pesticide  use  since  the  routes  of 
exposure  in  these  studies  (dermal  and 
inhalation)  are  the  same  as  the  routes 
of  exposure  to  cadmium  pesticides. 

Four  occupational  epidemiology  studies 
(20,  21,  22,  and  23)  were  reviewed  by  the 
CAG.  In  all  of  them,  an  association  be¬ 
tween  prostate  cancer  and  cadmium  is 
suggested.  In  two  of  these  studies,  Kip¬ 
ling  and  Waterhouse  (21)  and  Lemen  et 
al.  (22),  the  results  obtained  were  sta¬ 
tistically  significant.  ’The  remaining  two 
studies  (20  and  23)  suggest  a  correla¬ 
tion  between  cadmium  exposure  and  ex¬ 
cess  prostate  cancer  mortality  although 
no  statistical  analysis  was  completed. 
While  these  studies  involved  small  num¬ 
bers,  the  consistency  of  their  findings 
raise  a  serious  question  as  to  the  rela¬ 
tionship  of  cadmium  exposure  and  pros¬ 
tate  cancer. 

Berg  and  Burbank  (24)  reported  that 
the  presence  of  cadmium  (3  Mg/liter)  in 
the  drinking  water  supplies  of  the  United 
States  was  positively  correlated  with  the 
incidence  of  cancer  in  those  areas.  Can¬ 


cers  for  which  there  was  positive  corre¬ 
lation  included  cancer  of  the  pharynx, 
esophagus,  intestine,  larynx,  lung,  and 
bladder.  'The  authors  did  not  include  the 
incidence  of  prostatic  cancer  among 
their  data.  A  second  drinking  water 
study  also  indicated  that  a  high  concen¬ 
tration  of  trace  metals,  including  cad¬ 
mium,  was  positively  correlated  with  the 
incidence  of  cancer  in  Czechoslovakia 
(25). 

Accordingly  a  presumption  has  arisen 
against  cadmium  pesticides  on  the  basis 
of  the  oncogenic  effects  observed  in 
epidemiological  studies. 

B.  Mutagenic  Effects.  The  potential 
mutagenic  effects  of  cadmium  have  been 
described  in  several  comprehensive  re¬ 
views  and  papers  which  have  been  evalu¬ 
ated  by  Agency  scientists.  Their  analysis 
concludes  that  “cadmium  does  show  the 
potential  of  interferring  with  the  genetic 
material  in  living  organisms”  (26)  and 
that  “there  is  supportive  evidence  that 
cadmium  may  cause  DNA  damage  lead¬ 
ing  to  point  mutations”  (27).  The  valid 
studies  indicate  that  cadmium  is  a  point 
(gene)  mutagen  and  can  cause  chromo¬ 
somal  damage. 

Primary  damage  to  DNA  by  cadmium 
has  been  observed  in  in  vitro  mammalian 
cell  systems,  bacteria  and  yeast.  Chinese 
hamster  embryo  cells  underwent  un¬ 
scheduled  DNA  synthesis  after  exposure 
to  cadmium  chloride  and  cadmium  ace¬ 
tate,  indicating  an  attempt  by  the  cell  to 
repair  DNA  damage  presumably  caused 
by  the  cadmium  (28) .  Cadmium  chloride 
induced  a  statistically  significant  in¬ 
crease  of  mispaired  nucleotides  when 
added  to  the  in  vitro  DNA  synthesis  sys¬ 
tem  (29).  Cadmium  chloride  produced 
mutant  recombinants  using  the  recom¬ 
binant  assay  test  system  in  strains  of 
Bacillus  subtilis.  Cadmium  nitrate,  which 
is  not  registered  as  a  pesticide,  was  nega¬ 
tive  (30). 

Cadmium  chloride  produced  abnormal 
mitotic  and  meiotic  recombinations  in 
yeast,  Sacharomyces  cerevisiae,  indicat¬ 
ing  that  cadmium  is  capable  of  produc¬ 
ing  potential  heritable  damage  in  eu¬ 
karyotic  cells  (31). 

Cultured  human  leukocytes  were  ex¬ 
posed  to  cadmium  sulfide  for  4  to  8  hours. 
Cells  examined  microscopically  for  chro¬ 
mosomal  aberrations  revealed  chromatid 
breaks,  isochromatid  breaks,  transloca¬ 
tions,  and  dicentrics  (32).  Similar  chro¬ 
mosomal  aberrations  were  found  in  hu¬ 
man  leukocytes  from  persons  diagnosed 
with  Itai-Itai  disease.  In  addition  the 
frequency  of  these  aberrations  was  sta¬ 
tistically  greater  in  the  Itai-Itai  patients 
than  in  normal  persons  serving  as  con¬ 
trols  (33). 

Cadmium  is  capable  of  penetrating 
germinal  tissue  barriers  and  causing  di¬ 
rect  chromosomal  damage.  In  an  in  vivo 
germinal  cytogenetics  test  female  mice 
were  treated  with  an  acute  dose  of  cad¬ 
mium  chloride  (3  or  6  mg/kg)  and  sacri¬ 
ficed  after  stimulation  of  ovulation. 
When  examined  microscopically,  oocytes 
of  treated  animals  revealed  numerical 
chromosomal  anomalies  including  hy- 
poploidv,  hyperploidy  and  diploidy.  No 
such  effects  were  observed  in  untreated 
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controls.  Cadmium  chloride  also  blocked 
development  of  metaphase  I  chromo¬ 
somes  in  some  of  the  animals  and  caused 
hemorrhaging  of  the  ovaries  (34) . 

Cadmium  that  penetrates  the  blood- 
testis  barrier  can  affect  development  of 
mature  sperm.  When  the  rates  of  sper¬ 
matogenesis  in  rats  were  measured  at 
different  times  during  development,  more 
immature  sperm  cells  were  found  after 
introduction  of  cadmium  chloride  than 
were  found  in  controls.  The  rate  of  in¬ 
corporation  of  radioactively  labelled 
amino  acid  was  also  depressed,  a  fact 
that  reflects  a  decreased  rate  of  pro¬ 
tein  synthesis.  The  data  also  show  a  de¬ 
creased  fertility  index  for  50  days  after 


the  rats  were  injected  intraperitoneally 
with  cadmium  at  1  mg /kg  and  then 
mated.  After  50  days  the  fertility  index 
returned  to  80%  of  the  initial  levels  (35) . 
See  also  page  28  for  additional  gonadal 
effects. 

The  negative  studies  which  were  an¬ 
alyzed  were  either  not  sufficiently  sensi¬ 
tive  to  mutagenicity  for  an  accurate 
evaluation  (36,37),  lacked  sufficient 
sample  numbers  (38),  or  were  encum¬ 
bered  by  other  environmental  factors 
which  may  have  impacted  on  the  stated 
results  (39).  A  complete  summary  of  all 
tests  pertaining  to  mutagenicity  is  in¬ 
cluded  in  Table  3. 


Table  3. — Summary  of  tentt  pertaining  to  mutagenicity 


Test  system 


Genetic  effect 


Systems  in  vitro 


Presence  (+)  or  Appen- 
absence  (— )  dix 


Chinese  hamster  cells .  Point  mutation . + 

Polynucleotides . Base  mispa'rinp .  4- 

Human  cells . Chromosomal  damage . + 

B.  »u6h/i«— Recombinant  assay .  Gene  mutation . + 

S.  ccrtvisiae . Point  mutation . + 


28 


32 

30 

31 


Systems  in  vivo 


Human . 

Do . 

Rat . 

Mouse . 

Do . 

D.  mtlanogatter. 
Mammals . 


Chromosomal  damage . 

....  + 

33 

_ do . 

38 

Altered  spermatogenesis . 

....  + 

35 

Dominant  lethal  mutations . 

36 

Cj-togenetic  damage . 

....  + 

34 

Sex-linked  recessive  lethal . 

37 

Chromosomal  abnormalities_ . 

.  .  .  .  — 

34 

This  evidence  is  ample  to  meet  the 
definition  of  “multitest  evidence”  re¬ 
quired  by  40  CFR  162.11.  The  Working 
group  has  concluded,  therefore,  that  a 
presumption  has  arisen  against  all  pesti¬ 
cides  containing  cadmium  on  the  basis 
of  their  mutagenic  effects. 

C.  Teratogenic  Effects  and  Fetotoxic 
Effects.  Many  publications  have  reported 
that  cadmium  is  a  potent  animal  terato¬ 
gen  and  fetotoxic  agent.  For  the  purpose 
of  this  document  24  piapers  were  reviewed 
by  Battelle  Memorial  Laboratories,  Co¬ 
lumbus,  Ohio.  Their  analysis  concluded 
that  cadmium  is  teratogenic  in  rats, 
mice,  and  hamsters  (40).  None  of  the 
studies  which  were  reviewed  established 
a  no  observable  effect  level. 

Cadmium  is  transferred  across  the 
placenta  to  the  fetus  (41).  This  fact  is 
extremely  important  because  it  demon¬ 
strates  that  cadmium  can  act  directly 
upon  the  embryo,  as  well  as  indirectly  by 
inducing  toxic  effects  in  the  moUier, 
which  in  turn  might  affect  development. 
Battelle  reviewed  the  available  evidence 
and  concluded  that  cadmium  is  a  feto¬ 
toxic  agent  and  that  it  inhibits  postnatal 
survival  and  breeding. 

Unlike  most  other  chronic  effects 
which  manifest  themselves  very  slowly 
over  long  periods,  teratogenic  and  feto¬ 
toxic  effects  can  be  induced  by  one  ex¬ 
posure  occurring  at  a  critical  time.  The 
evidence  suggests  that  cadmium  may 
exert  such  effects  regardless  of  its  route 
of  administration  or  the  time  during  ges¬ 
tation  at  which  it  is  given. 

When  cadmium  was  administered  to 
mice  on  day  7  of  gestation,  the  adverse 


effects  included  decreased  weight,  exen- 
cephalia,  excessive  nucleic  acid  synthesis, 
and  decreased  growth  of  the  brain  (42). 
When  cadmium  was  administered  on 
days  14  to  17  of  gestation,  death  of  the 
embryo  ensued  attended  by  uterine 
hemorrhaging  and  other  alterations  in 
the  vascular  system  (44).  These  data 
have  been  substantiated  in  a  feeding 
study  in  which  the  death  rates  of  the 
young  and  the  production  of  runts  of 
treated  and  control  aniamls  were  sig¬ 
nificantly  different.  For  lack  of  animals, 
the  experiment  was  terminated  with  the 
F,  generation  (45). 

In  rats,  the  fetotoxic  and  teratogenic 
effects  of  cadmium  (1.6  mg/kg  in  drink¬ 
ing  water)  included  fetal  mortality  and 
decreased  gross  weight,  hydrocephaly, 
cryptorchidism,  hydronephrosis,  and 
anophthalmia  or  microphthalmia  (46). 
When  rats  were  subcutaneously  injected 
with  cadmium  (4  to  12  mg/kg),  fetuses 
developed  agnathia,  cleft  palate,  and 
hypoplastic  lungs  (47).  The  differences 
in  effects  observed  in  these  studies  may 
be  attributable  to  the  different  routes  of 
administration  and  the  days  of  treat¬ 
ment  (gestation  days  9  to  11  and  14  to 
17,  respectively). 

In  hamsters  given  cadmium  intra¬ 
venously  (2  mg/kg  given  on  gestation 
day  8)  adverse  effects  included  resorp¬ 
tion  of  the  fetus  and  formation  of  cleft 
palates  and  deformities  in  the  primitive 
neural  tube  (exencephalia  and  micro¬ 
phthalmia)  In  another  experiment,  in¬ 
travenous  administration  of  cadmium 
at  the  same  dose  and  time  produced  sta¬ 
tistically  significant  gross  malformations 


of  the  fore  and  hind  limbs,  including 
amelia,  micromelia,  and  ectodactyly 
(48). 

In  a  Germany  study  (41) ,  women  from 
three  areas  of  differing  degrees  of  in¬ 
dustrialization  were  examined  for  cad¬ 
mium  levels  in  their  placentas.  Women 
in  the  most  highly  industrialized  area, 
Rhine-Ruhr,  had  a  mean  level  of  74.5 
/ug  of  cadmium  in  their  placentas.  This 
level  was  statistically  higher  than  the 
two  other  lesser  industrialized  areas  eval¬ 
uated,  Middle  Frankonia  (51.9  fig  of  cad¬ 
mium)  and  Bavaria  (55.1  fig  of  cadmi¬ 
um).  This  report  did  not  evaluate  the 
rate  of  miscarriage  or  the  size  of  the 
children  to  assess  any  impact  of  cadmium 
on  the  pregnancy.  However,  another  re¬ 
port  stated  that  women  occupationally 
exposed  to  cadmium  did  have  abnormally 
small  children  (49).  Because  this  study 
was  not  a  controlled  experiment,  its  data 
must  be  considered  inconclusive. 

Unlike  the  presumptions  based  on  on¬ 
cogenicity  and  mutagenicity,  EPA  reg¬ 
ulations  require  that  a  presumption 
based  on  “other  chronic  effects”  such 
as  teratogenicity  and  fetotoxicity,  must 
take  into  account  human  exposure  in 
determining  whether  the  criterion  has 
been  exceeded.  The  Working  Group  is 
unaware  of  any  definitive  data  indicat¬ 
ing  the  precise  quantities  of  cadmium 
to  which  humans  are  exposed  as  the  re¬ 
sult  of  the  use  of  cadmium  pesticides. 
The  Criteria  and  Evaluation  Division 
(CED)  of  OPP  has  prepared  a  docu¬ 
ment  titled  “Preliminary  Analysis  of  Hu¬ 
man  Exposure  to  Cadmium  from  the  Use 
of  Cadium  Turf  P\ingicide”  (50).  In  the 
absence  of  empirical  evidence  regard¬ 
ing  human  exposure,  this  analysis  nec¬ 
essarily  relies  on  certain  assumptions, 
but  its  conclusions  provide  the  best  esti¬ 
mate  available.  The  Working  Group 
specifically  solicits  further  exposure 
data,  particularly  from  actual  use. 

In  its  analysis,  the  CED  assumed  that 
women  of  child-bearing  age  would  only 
be  exposed  to  cadmium  pesticides  from 
their  use  around  the  home.  The  profes¬ 
sional  use  of  cadmium  pesticides  on  golf 
courses  does  not  appear  to  result  in  sig¬ 
nificant  exposure  to  women  since  only  6 
of  over  12,000  turf-maintenance  super¬ 
visors  are  women  (51).  The  CED  docu¬ 
ment  further  assumes  that  as  much  as 
one  pint  of  prepared  cadmium  spray 
could  come  in  contact  with  the  applica¬ 
tor  during  each  use.  Assuming  2%  ab¬ 
sorption  to  the  sprays,  the  report  con¬ 
cluded  that  an  applicator  could  absorb 
as  much  as  0.8  mg  of  cadmiiun  through 
dermal  exposure  to  the  sprays.  Inhala¬ 
tion  of  a  coarse  water  droplet  was  con¬ 
sidered  unlikely.  In  applying  the  dust 
a  person  could  be  exposed  to  as  much  as 
0.8  mg  of  cadmium  through  combined 
dermal  and  Inhalation  exposure.  The 
estimate  assumes  that  normal  clothing 
will  limit  dermal  absorption  to  0.5  mg 
and  that  the  only  inhalation  exposure 
would  result  from  the  actual  loading  of 
the  application  equipment  (0.3  mg  of 
cadmium) .  Although  cadmium  pesticides 
are  applied  at  most  12-14  times  a  year, 
only  one  exposure  at  a  critical  time  is 
necessary  to  produce  teratogenic  and 
fetotoxic  effects. 
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If  a  60  kg  woman  were  exposed  to  0.8 
mg  of  cadmium,  she  would  receive  a  dose 
of  0.014  mg/kg.  The  Working  Group 
does  not  consider  the  difference  between 
this  estimate  of  possible  exposure  and 
the  lowest  dosage  which  caused  effects 
in  the  experimental  studies  great  enough 
to  ensure  that  no  hazard  will  be  posed 
to  women  that  use  cadmium  pesticides. 
The  difference  becomes  especially  impor¬ 
tant  since  none  of  the  studies  reviewed 
demonstrated  a  no-effect  level. 

For  the  reasons  stated  above  the  Work¬ 
ing  Group  concludes  that  the  risk  cri¬ 
terion  is  met  and  that  a  presumption 
based  on  teratogenicity  and  fetotoxicity 
has  arisen  against  cadmium  pesticides 
registered  for  home  use. 

rv.  Other  Effects 

Cadmium  is  known  to  cause  a 
number  of  adverse  health  effects  in 
humans  who  have  been  exposed  for 
relatively  long  periods  of  time  to 
relatively  high  levels  of  cadmium.  In 
addition,  laboratory  studies  indicate  that 
cadmium  can  cause  a  variety  of  adverse 
effects  in  test  animals  exposed  to  cad¬ 
mium  by  several  routes  of  exposure. 
However,  it  does  not  appear  that  any  of 
the  effects  described  below  will  occur  at 
levels  to  which  humans  might  reasonably 
be  anticipated  to  be  exposed  from  the 
use  of  pesticides,  taking  into  account  am¬ 
ple  margins  of  safety.  Moreover,  the  fre¬ 
quency  and  duration  of  exposure  re¬ 
quired  to  produce  these  effects  does  not 
seem  comparable  to  exposure  from  appli¬ 
cation  of  cadmium  pesticides.  For  these 
reasons  the  Cadmium  Working  Group 
has  concluded  that  none  of  the  effects 
discussed  below  warrants  issuance  of  a 
presumption  at  this  time. 

A  continuing  effort  will  be  made  by  the 
Working  Group  to  collect  additional 
data  from  all  sources,  including  other 
regulatory  groups  and  scientific  organi¬ 
zations  to  determine  if,  with  additional 
data,  the  criteria  expressed  in  40  CFR 
162.11  are  met  for  cadmium  pesticides. 
In  addition,  the  Agency,  with  the  as¬ 
sistance  of  the  United  States  Golf  As¬ 
sociation,  has  intiated  a  study  of  pro¬ 
fessional  applicators  of  cadmium  pesti¬ 
cides  to  determine  if  such  persons  ex¬ 
hibit  signs  of  proteinuria,  a  condition 
often  associated  with  excessive  cadmium 
exposure  and  believed  to  be  a  possible 
indication  of  other  adverse  effects.  If  any 
of  the  data  received  or  generated  indi¬ 
cates  potential  risk,  the  Agency  will  con¬ 
sider  additional  regulatory  action,  in¬ 
cluding  the  issuance  of  a  supplemental 
Notice  of  Rebuttable  Presumption 
Against  Registration. 

The  Working  Group  recommends  so¬ 
licitation  of  any  additional  information 
on  the  cadmium  effects  described  in  the 
following  sections  or  any  other  effects 
which  may  be  attributable  to  the  pesti- 
cidal  cadmium. 

A.  Effects  on  the  Lungs.  In  humans, 
acute  effects  of  doses  of  cadmium  smaller 
than  the  estimated  LDv.  (approximately 
2,400  mg-min/m’)  manifest  themselves 
within  4  to  10  hours  after  exposure.  Non- 
lethal  effects  of  such  doses  in  fumes  or 
aerosols  usually  consist  of  pulmonary 


edema  and  interstitial  pneumonitis  from 
which  damage  in  the  form  of  perivascu¬ 
lar  and  peribronchial  fibrosis  results  (1, 
7). 

Emphysema  has  been  observed  in  hu¬ 
mans  following  lengthy  exposure  to  low 
doses  of  cadmium  (1.  7).  Animal  studies 
indicated  that  cellular  changes  typical 
of  early  stages  of  emphysema  occur  in 
rats  given  17.2  Mg/ml  of  cadmium  in 
water  daily  for  6  to  41  weeks  (52).  Em¬ 
physema  was  induced  in  rats  and  guinea 
pigs  by  daily  intratracheal  administra¬ 
tion  of  cadmium  (2.5  mg/kg)  for  4  and  7 
months,  respectively  (53) .  A  single  intra¬ 
tracheal  dose  of  cadmium  chloride  in  an 
aerosol  (9  mg/kg)  induced  preliminary 
symptoms  of  emphysema  (54).  However, 
an  aerosol  particle  is  much  smaller  and 
more  readily  absorbed  than  the  coarse 
water  droplet  which  would  be  encoun¬ 
tered  in  the  application  of  cadmium 
pesticides. 

B.  Effects  on  the  Kidneys.  Industrial 
workers  accidentally  inhaling  high  levels 
of  cadmium  fumes  have  suffered  from 
acute  renal  necrosis  (55),  Temporary 
proteinuria  has  developed  in  humans  ex¬ 
posed  to  subacute  amounts  cadmium 
for  short  periods  (56),  and  renal  failure 
is  believed  to  have  caused  the  death  of 
a  worker  exposed  to  unmeasured  levels 
of  cadmium  (20) .  Renal  lesions,  particu¬ 
larly  formation  of  fatty  bodies  and  de¬ 
generation  of  tubules,  develop  in  animals 
exposed  to  large  amounts  of  cadmium 
(1). 

The  effects  of  chronic  exposure  to  cad¬ 
mium  are  primarily  proteinuria,  gluco- 
suria,  excretion  of  amino  acids  in 
the  urine,  and  decreased  renal  func¬ 
tion  (1).  A  specific  protein,  B-2  micro¬ 
globulin,  has  recently  been  identified  in 
the  mine  of  Swedish  workers  and  Japa¬ 
nese  farmers  exposed  to  cadmium  (67) . 

When  cadmium  w'as  given  to  rats  in 
drinking  water  (0.2,  2.0,  20,  and  200 
ppm)  changes  (either  constriction  or  di¬ 
lation)  to  the  renal  arterial  blood  vessels 
resulted.  These  changes  were  not  dose  de¬ 
pendent,  but  seemed  to  be  related  to  the 
dietary  calcium  levels.  Rats  with  normal 
calcium  levels  in  their  diet  experienced 
less  alteration  to  the  diameter  of  the 
blood  vessels  examined  than  those  with 
low  calcium  levels  (57) . 

Rats  given  cadmium  in  their  drinking 
water  (10,  50,  and  300  ppm)  for  up  to 
40  weeks  had  an  increased  number  of 
lysosomes  in  the  kidney  tubular  epithe¬ 
lium.  This  increase  was  postulated  by 
the  authors  to  be  related  to  the  degen¬ 
eration  of  renal  tubules  as  previously 
theorized  by  other  workers  (43) . 

C.  Effects  on  the  Liver  and  Carbohy¬ 
drate  Metabolism.  Early  studies  indicate 
that  acute  exposure  to  cadmium  oxide 
fumes  alters  liver  fimction.  Autopsies 
have  revealed  microscopic  changes  in 
the  liver,  but  these  were  slight  compared 
to  other  acute  effects  (7) . 

The  evidence  suggests  that  workers 
chronically  exposed  to  cadmium  have 
impaired  liver  fimction  (7) .  However,  ef¬ 
fects  on  the  liver  have  not  been  ex¬ 
amined  as  extensively  as  those  on  other 
organs. 


Cadmium  given  intraperitonally  to 
rats,  either  1.0  mg/kg  or  0.25  mg/kg 
every  second  day  for  40  days,  altered  the 
glucose  metabolic  activity  (58).  Cad¬ 
mium  fed  to  rats,  1.0  mg/kg/day  for  60 
days,  produced  a  statistically  significant 
decrease  in  phosphorylase  A  enzyme  ac¬ 
tivity.  The  same  dosage  resulted  in  a 
substantial  decrease  in  the  Pi/O  ratio, 
suggesting  an  uncoupling  of  oxidative 
phosphorylation.  In  addition,  a  dose  of 
0.1  mg(kg/day  for  42  days  resulted  in 
a  significant  decrease  in  aldolase  activity 
(59) .  Insulin  levels  were  significantly  de¬ 
creased  in  rats  given  seventy  do.ses  of 
0.5  mg/kg  cadmium  every  second  day, 
whereas  a  0.25  mg/kg  dose  did  not  pro¬ 
duce  these  effects  (58) .  In  another  study 
additional  enzyme  activities  including 
ascorbic  acid  synthesis  were  altered  in 
rats  fed  a  dose  of  60  mg/kg  for  four 
weeks  (60). 

D.  Effects  on  Cardiovascular  System. 
Cadmium  in  acutely  toxic  amounts  in¬ 
creases  the  blood  pressure  in  many  ro¬ 
dent  species  (7) ,  but  there  are  no  reports 
of  this  effect  in  exposed  humans.  How¬ 
ever,  epidemiologic  evidence  Indicates 
that  hypertension  is  less  preyalent  in 
areas  of  the  world  where  the  total  body 
burden  of  cadmium  is  less  (68). 

Chronic  human  exposure  has  been  epi- 
demiologically  linked  to  hypertension  in 
some  reports,  but  this  is  an  area  of  some 
disagreement  (7).  Animal  studies  clearly 
indicate  that  hsqjertension  is  produced 
by  cadmium  giyen  orally  or  by  injection 
(1,  7).  Rats  giyen  cadmium  (5  ppm  or 
10  ppm  for  life)  in  their  drinking  water 
dey eloped  hypertension  (62).  Cadmium 
(5  ppm  in  drinking  water)  administered 
for  the  life  of  the  animal  induced  ar¬ 
teriosclerosis  by  reducing  the  amount  of 
circulating  cholesterol  (63). 

E.  Effects  on  the  Gonads.  When  testi¬ 
cles  were  injected  subcutaneously  with 
cadmium  (2.24  mg/kg),  microscopic 
changes  were  eyident  within  a  few  hours. 
Capillary  stasis  and  interstitial  edema 
were  followed  by  seyere  hemorrhage  and 
necrosis  24  to  48  hours  later  (7) .  Necrosis 
was  dose -dependent  and  reyersible. 

Testicular  necrosis  also  occurred  when 
cadmium  (28  and  64  mg/kg)  was  admin¬ 
istered  in  food,  painted  on  the  skin,  or 
injected  intrayenously  or  intraperitone- 
ally  (7).  In  a  recent  study,  treatment 
with  an  amount  of  cadmium  that  pro¬ 
duces  general  toxic  effects  (3  mg/ kg  in 
drinking  water)  also  produced  gonado- 
toxic  effects  including  membrane  thick¬ 
ening,  hypertrophy  and  proliferation  of 
Sertoli  cells,  and  swelling  of  arteriolar 
walls  (61).  The  lowest  single  subcutane¬ 
ous  dose  which  has  produced  acute  testi¬ 
cular  necrosis  in  the  most  sensitiye  lab¬ 
oratory  animals,  certain  strains  of  mice, 
is  1  mg/kg  (7). 

CJhronic  effects  on  the  gonads  have 
been  induced  in  animals  fed  cadmium  or 
given  repeated  subcutaneous  injections 
of  cadmium.  However,  no  testicular  ne¬ 
crosis  has  been  reported  in  humans  in¬ 
dustrially  exposed  to  cadmium  (1,  7). 

F.  Effects  on  the  Skeleton.  Cadmium 
is  not  known  to  accumulate  in  bone  and 
correspondingly  does  not  appear  to  have 
any  acute  effect  upon  the  skeleton  (67) . 
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However,  cadmium  apparently  affects 
the  metabolism  of  calcium  and  phos¬ 
phorus.  Itai-Itai  disease,  probably  the 
most  insidious  result  of  chronic  exposure 
to  cadmium  in  the  food  and  water,  is 
thought  to  have  resulted  from  combined 
effects  of  interference  of  calcium  and 
phosphous  metabolism  by  cadmium,  vi¬ 
tamin  D  deficiency,  and  a  low  protein 
diet.  Low  protein  diets  deficient  in  vita- 
man  D  are  typical  of  Toyama  Prefecture, 
Japan,  the  only  area  in  which  the  disease 
has  been  found.  Pseudo-fractures  and 
decalcification  have  been  found  in  hu¬ 
mans  exposed  to  cadmium  for  up  to  20 
years  (1,  7) . 

Cadmium  (5  and  10  ppm  given  in  water 
for  50  days)  causes  tooth  discoloration 
in  rats  (64) .  Bone  disorders,  in  particular 
decalcification,  develop  in  animals  fed  1 
to  2  mg/kg  in  food  for  120  days  (65). 

G.  Effects  on  the  Hematopoietic  Sys¬ 
tem.  Elevated  hemoglobin  concentrations 
are  the  only  hematopoietic  abnormality 
caused  by  acute  exposure  to  cadmium. 
However,  the  edema  that  appeared  con¬ 
currently  may  have  been  the  primary 
result  of  exposure  to  cadmium,  the  ele¬ 
vated  hemoglobin  being  only  a  conse¬ 
quence  of  the  edema  (7). 

Chronic  exposure  to  small  quantities 
of  cadium  has  been  linked  epidemiologi- 
cally  to  decreased  hemoglobin  levels. 
White  cell  counts  have  been  found  to  be 
essentially  normal,  with  the  exception  of 
an  increase  in  the  number  of  eosino- 
philes.  Bone  marrow  in  all  of  these  sur¬ 
veys  showed  no  pathological  changes. 
(7). 

Animals  treated  with  cadium  have 
been  shown  to  develop  anemia  and  low¬ 
ered  hemoglobin  levels.  Dosages  as  low 
as  2.0  mg/kg  fed  to  rats  for  four  months 
have  produced  these  effects.  However, 
these  effects  can  be  mitigated  by  the 
simultaneous  increase  of  additional  iron 
to  the  diet.  Dose  response  levels  have 
been  determined  in  rats  given  injections 
of  cadium,  but  no  dose-response  levels 
have  been  determined  in  studies  using 
other  routes  of  exposure  with  levels  rang¬ 
ing  from  0.5  to  10  /xg/g  for  up  to  one 
year  (7). 

H.  Effects  on  the  Central  Nervous  Sys¬ 
tem.  Chronic  cadium  exposure  produced 
headache  and  vertigo  in  one  human  (7) . 
Physical  examination  revealed  that  he 
had  altered  neuromuscular  reflexes.  Ol¬ 
factory  disturbances,  anosmia,  and  hy- 
posmia  were  found  to  be  common  in  a 
worker  population,  50  percent  of  which 
had  been  exposed  for  at  least  10  years  at 
concentrations  of  3  to  15  mg/m’  (1). 

Cadium  injected  intraperitoneally 
(0.25  and  1.0  mg/kg/day)  for  45  days 
accumulated  in  the  rat  brain  and  acted 
on  several  indicators  of  brain  activity 
such  as  the  concentration  of  nore¬ 
pinephrine.  acetylcholine,  and  5-hydro- 
tryptamine  (66). 
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